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We claim: 

1. A clostridial toxin substrate, comprising: 

(a) a donor fluorophore; 

(b) an acceptor having an absorbance spectrum 
overlapping the emission spectrum of said 
donor fluorophore; and 

(c) a clostridial toxin recognition sequence 
comprising a cleavage site, 

wherein said cleavage site intervenes between 
said donor fluorophore and said acceptor and wherein, 
under the appropriate conditions, resonance energy 
transfer is exhibited between said donor fluorophore and 
said acceptor. 



2. The substrate 
botulinum toxin recognition 

3. The substrate 
said botulinum toxin recogni 
botulinum toxin serotype B ( 



of claim 1, comprising a 
sequence . 

of claim 2, provided that 
tion sequence is not a 
BoNT/B) recognition sequence. 



4. A botulinum toxin serotype A (BoNT/A) 
substrate, comprising : 

(a) a donor fluorophore; 

(b) an acceptor having an absorbance spectrum 
overlapping the emission spectrum of said 
donor fluorophore; and 

(c) a BoNT/A recognition sequence comprising a 
cleavage site, 

wherein said cleavage site intervenes between 
said donor fluorophore and said acceptor and wherein, 
under the appropriate conditions, resonance energy 
transfer is exhibited between said donor fluorophore and 
said acceptor. 
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5. The substrate of claim 4, comprising at 
least six consecutive residues of SNAP-25, said six 
consecutive residues comprising Gln-Arg, or a 
peptidomimetic thereof . 



6. The substrate of claim 5, comprising at 
least six consecutive residues of human SNAP-25, said six 
consecutive residues comprising Gln 197 -Arg 198 , or a 
peptidomimetic thereof . 

7. The substrate of claim 6, comprising the 
amino acid sequence Glu-Ala-Asn-Gln-Arg-Ala-Thr-Lys (SEQ 
ID NO: 1), or a peptidomimetic thereof. 

8. The substrate of claim 6, comprising 
residues 187 to 203 of human SNAP-25 (SEQ ID NO: 2), or a 
peptidomimetic thereof . 



9. A b&tulinum toxin serotype B (BoNT/B) 
substrate, comprising : 

(a) a donor fluorophore; 

(b) an acceptor having an absorbance spectrum 
overlapping the emission spectrum of said 
don^f fTtx^rophore ; and 

(c) a /boNT/b\ reqWmition sequence comprising a 
cfLeavage ^sitie\^v 

whereim said clWvaqe site intervenes between 
said donor fluorophore ar >A sa i<\ acceptor and wherein, 
under the appropria^e^eraditions, resonance energy 
transfer is exhibited between said donor fluorophore and 
said acceptor. \ V 
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10. "She substrate of claim 9, comprising at 
least six consecutive residues of VAMP, said six 
consecutive resickies comprising Gln-Phe, or a 
peptidomimetic thereof . 
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11. The \substrate of claim 10, comprising at 
least six consecutive residues of human VAMP-2, said six 
consecutive residues comprising Gln 76 -Phe 77 , or a 
peptidomimetic thereof . 



12. 



10 amino acid s 
ID NO: 3) , o 



: a peptiqoi 



:rate of claim 11, comprising the 
isa-Ser-Gln-Phe-Glu-Thr-Ser (SEQ 
imetic thereof. 



rate of claim 11, comprising an 
ected from the group consisting 
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amino acid sequence s<= 

of: 

15 residues 55 tb 94\of human VAMP-2 (SEQ ID NO: 

4) , or a peptidomimeticl thereof; 

residues 60 t4> 94 of human VAMP-2 (SEQ ID NO: 
or a peptidomimetic (thereof; and 

residues 60 td 88 of human VAMP-2 (SEQ ID NO: 
20 4), or a peptidomimetic thereof. 
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14. k A botulinum toxin serotype CI (BoNT/Cl) 
substrate, comprising : 

(a) a\donor fluorophore; 

(b) a\ acceptor having an absorbance spectrum 
overlapping the emission spectrum of said 
doner fluorophore; and 

(c) a BoNT/Cl recognition sequence comprising 
a cleWage site, 

wherein sa;\d cleavage site intervenes between 
said donor fluorophor^ and said acceptor and wherein, 
under the appropriate^conditions , resonance energy- 
transfer is exhib^rffecT~^ donor fluorophore and 
said acceptor. 



15. 

least six conse 
consecutive resi 
peptidomimetic 




f claim 14, comprising at 
idufes\ of syntaxin, said six 
inqr Lys-Ala, or a 



16. The substrate of \claim 15, comprising at 
least six consecutive residues of/ human syntaxin, said 
six consecutive residues comprising Lys 2 5 3 -Ala 254 , or a 
peptidomimetic thereof . 



17. The substratelof claim 16, comprising the 
amino acid sequence Asp-Thr-Eys-Lys-Ala-Val-Lys-Tyr (SEQ 
ID NO: 5) , or a peptidomimetic thereof. 



18. The substrate of claim 14, comprising at 
least six consecunive residues of SNAP-25, said six 
consecutive residues comprising Arg-Ala, or a 
peptidomimetic thereof . 

19. The sifcstrate of claim 18, comprising at 
least six consecutive! residues of human SNAP-25, said six 
consecutive residues comprising Arg 198 -Ala 199/ or a 
peptidomimetic thereof . 



20. 

residues 93 to 2 



claim 19, comprising 



peptidomimetic thereof . 



i2 of huAian SNAP-X5 (SEQ ID NO: 2), or a 



(serotype D (BoNT/D) 



21. A\botulinurt\ toxin 
substrate, comprising : 

(a) a doVor f luo:rioph<25re ; 

(b) an acceptor Living Ian absorbance spectrum 
overlapping tpe emission spectrum of said 
donor fluoropftore; ^nd 

a BoNT/D recognition "sequence comprising a 
cleavage site, 
wherein said cleavaqfe site intervenes between 
said donor fluorophore and sai<^ acceptor and wherein, 
under the appropriate condition^, resonance energy- 
transfer is exhibited between s^id donor fluorophore and 
said acceptor. 



(c) 
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^ 22. The substrate of claim 21, comprising at 
least six consecutive residues of VAMP, said six 
consecutive residues comprising Lys-Leu, or a 
peptidomimetic thereof. 
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23. The substrate of claim 22, comprising at 
least six consecutive \pesidues of human VAMP, said six 
consecutive residues comprising Lys 59 -Leu 60 , or a 
peptidomimetic thereof . 

24. The substrate of claim 23, comprising the 
amino acid sequence Arg-Asp-Gln-Lys-Leu-Ser-Glu-Leu (SEQ 
ID NO: 6), or a peptidomime\tic thereof, 



25. The si 

residues 27 to 116 oi 
peptidomimetic there o 



>trate\ of crbJ-m 22, comprising 



rat VA$P-2 
f . 



ID NO: 



or a 



26. A botiilinum t 
substrate, comprising 

(a) a donor \Eluoroph<k£e; 



eriotype E (BoNT/E) 



(b) an acceptor 



)ng an labsorbance spectrum 



(c) 



overlapping the jemissi^>n spectrum of said 
donor fluorophore; and 

a BoNT/E recognition sequence comprising a 
cleavage site, 



wherein said cleavage site intervenes between 

^cceptor and wherein, 



said donor fluorophore and said a 
under the appropriate conditions, 
transfer is exhibited between sai 
said acceptor. 



resonance energy 
d donor fluorophore and 



\j 



27. The Substrate of claim 26, comprising at 
least six consecutivfe residues of SNAP-25, said six 
consecutive residues comprising Arg-Ile, or a 
peptidomimetic thereofX 

28. The substVate of claim 27, comprising at 
least six consecutive residues of human SNAP-25, said six 
consecutive residues comprising Arg 180 -Ile 181/ or a 
peptidomimetic thereof . 



29. The si^fostrate^Skf claim 28, comprising the 
amino acid sequence (tln-Ile-A\sp-Arg-Yle-Met-Glu-Lys (SEQ 

: Ldomimetiq therms 



ID NO: 8 ) , or a pept 



30. The shbstrate of\ claim 
residues 156 to 186 df human SN4P-25 ( 
peptidomimetic thereo 



, comprising 

ID NO: 2) , or a 



[nee spectrum 
:rum of said 



31. A botuliJmm toxin Js^btypeX F\ (BoNT/F) 
substrate, comprising : 

(a) a donor fluorophore; 

(b) an acceptor having a^ 
overlapping the ernis; 
donor fluorophore; ani 

(c) a BoNT/F recognition Sequence comprising a 
cleavage site, 

wherein said cleavage site intervenes between 
said donor fluorophore and said acceptor and wherein, 
under the appropriate conditions, resonance energy 
transfer is exhibited between said donor fluorophore and 
said acceptor. 
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32. The\ substrate of claim 31, comprising at 
least six consecutiVe residues of VAMP, said six 
consecutive residues\comprising Gln-Lys, or a 
peptidomimetic thereof 
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33. The substrate of claim 32, comprising at 
least six consecutive residues of human VAMP, said six 
consecutive residues comprising Gln 58 -Lys 59 , or a 
peptidomimetic thereof . 

34. The substrates of claim 33, comprising the 
amino acid sequence G-l^^SxgA^sp-Gln-Lys-Leu-Ser-Glu (SEQ 
ID NO: 9), or a peptidomimetic thereof , 



35. The s 
residues 27 to 116 df 
peptidomimetic there 



ubstrate fc>f c]&iJa 31, comprising 
rat VAMS-2 (E|EQ\rD NO: 7), or a 
f . 



36. A botulVnum toxiln serotype G (BoNT/G) 
substrate, comprising : 

(a) a donor fluorophote; 

(b) an acceptor having an absorbance spectrum 
overlapping the epission\spectrum of said 
donor f luorophorel? and 

(c) a BoNT/G recognition sequence comprising a 
cleavage site, 

wherein said cleavage dite intervenes between 
said donor fluorophore and said acceptor and wherein, 
under the appropriate conditions , I resonance energy 
transfer is exhibited between saiqjl donor fluorophore and 
said acceptor. 



37. The substrate of claim 36, comprising at 
least six consecunive residues of VAMP, said six 
consecutive residu^ comprising Ala-Ala, or a 
peptidomimetic thereof . 

38. The substrate of claim 37, comprising at 
least six consecutive residues of human VAMP, said six 
consecutive residues comprising Ala 83 -Ala 84 , or a 
peptidomimetic thereof , 



39. The substrate 
amino acid sequence GJu-Th^-Ser- 
ID NO: 10) , or a peptidomimetic t 



40. A tetar 



claim 38, comprising the 
a-Ala-Lys-Leu-Lys (SEQ 
of. 



lbstrate, 



bsorbance spectrum 
n spectrum of said 



us tox^n (TefSff) 

comprising : 

(a) a donor ^Luoroprton 

(b) an accept\nr haying an 
overlapping the \emissi 
donor fluorophor^; and 

(c) a TeNT recognition sequence comprising a 
cleavage site, 

wherein said cleavage iite intervenes between 
said donor fluorophore and said acceptor and wherein, 
under the appropriate conditions , \ resonance energy 
transfer is exhibited between saiq donor fluorophore and 
said acceptor 



126 



41. The substrate of claim 40, comprising at 
least six consecutive residues of VAMP, said six 
consecutive residue^ comprising Gln-Phe, or a 
peptidomimetic thereof . 
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42. The substrate of claim 41, comprising at 
least six consecutive \residues of human VAMP-2, said six 
consecutive residues comprising Gln 76 -Phe 77 , or a 
peptidomimetic thereof, 



43. jfhe sub 
amino acid sequence Gly-\Ala 
ID NO: 11) , or 



te of claim 42, comprising the 
er-Gln-Phe-Glu-Thr-Ser (SEQ 
ic thereof. 



peptidomim 



44. The s^bstr^te fc>f claim 41, comprising an 
amino acid sequence selectfed irom the group consisting of 

residues 33 to 94 of\j>uman VAMP-2 (SEQ ID NO: 
4), or a peptidomimetic thdbreof; 

residues 25 to 93\of human VAMP-2 (SEQ ID NO: 
4), or a peptidomimetic thereof; and 

residues 27 to 116\of rat VAMP-2 (SEQ ID NO: 
7), or a peptidomimetic thereof. 



20 45. The substrate of any of claims 1, 2, 3, 4, 

9, 14, 21, 26, 31, 36 or 40, wherein said substrate can 
be cleaved with an activity of at least 1 
nanomoles /minute /milligram toxin . 



% 
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46. The substrate of any of claims 1, 2, 3, 4, 
9, 14, 21, 26, 31, 36 or 40, wherein said substrate can 
be cleaved with an activity of at least 20 
nanomoles /minute /milligram toxin . 
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47. The substrate of any of claims 1, 2, 3, 4, 
9, 14, 21, 26, 31, 36 or 40, wherein said substrate can 
be cleaved with an activity of at least 50 
nanomoles/minute/milligram toxin . 



48. The substrate of any of claims 1, 2, 3, 4, 
10 9, 14, 21, 26, 31, 36 or 40, wherein said substrate can 
be cleaved with an activity of at least 100 
5 nanomoles/minute/milligram toxin. 



49. The substrate of any of claims 1, 2, 3, 4, 

9, 14, 21, 26, 31, 36 or 40, wherein said substrate can 

M= ]_5 be cleaved with an activity of at least 150 

nanomoles/minute/milligram toxin . 



50. The substrate of claim 1, wherein said 
acceptor is an acceptor fluorophore. 



51. The substrate of claim 50, wherein said 
20 acceptor fluorophore has a fluorescent lifetime of at 
least 1 microsecond. 



52. The substrate of claim 1, wherein said 
acceptor is non-fluorescent. 
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53. The substrate of claim 1, wherein said 
donor fluorophore is fluorescein. 
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54. The substrate of claim 1, wherein said 
donor fluorophore is Alexa Fluor G 488. 

55. The substrate of claim 1, wherein said 
donor fluorophore is DABCYL. 

56. The substrate of claim 1, wherein said 
donor fluorophore is B0D1PY. 

57. The substrate of claim 1, claim 53, or 
claim 54, wherein said acceptor is tetramethylrhodamin 

58. The substrate of claim 1 or claim 55, 
wherein said acceptor is EDANS. 

59. The substrate of claim 1, claim 53 or 
claim 54, wherein said acceptor is QSY G 7. 

60. The substrate of claim 1, which is a 
peptide or peptidomimet ic having at most 100 residues. 

61. The substrate of claim 60, which is a 
peptide or peptidomimet ic having at most 50 residues. 

62. The substrate of claim 61, which is a 
peptide or peptidomimet ic having at most 40 residues. 

63. The substrate of claim 62, which is a 
peptide or pept idomimetic having at most 20 residues. 



64. The substrate of claim 1, wherein said 
donor fluorophore and said acceptor fluorophore are 
separated by at most fifteen residues. 



65. The substrate of claim 64, wherein 
donor fluorophore and said acceptor fluorophore ar 
separated by at most ten residues. 

66. The substrate of claim 65, wherein 
donor fluorophore and said acceptor fluorophore ar 
separated by at most eight residues. 

67. The substrate of claim 66, wherein 
donor fluorophore and said acceptor fluorophore ar 
separated by at most six residues. 




130 



□ 



Lii 



10 



15 



20 



68. A method of determining clostridial toxin 
protease activity , \comprising the steps of: 

(a) treating a sample, under conditions suitable 
for clo^ridial toxin protease activity, with 
a clostridial toxin substrate comprising 

( i ) a dWor f luorophore; 

(ii) an acceptor having an absorbance 
spectrum overlapping the emission spectrum of 
said donor ^luorophore ; and 

(iii) a clostridial toxin recognition 
sequence compJLrising a cleavage site, 

wherein said cleavage site intervenes between said 
donor f luorophore and said\ ac^jsptm: and wherein, under 



resonanc 
f luoroph 



the appropriate condition 
exhibited between said djono 
acceptor; 

(b) exciting 3feLid d<$nor fl 

(c) determini 
treated substrata rel^ti 
substrate, 




energy transfer is 
and said 



jpopha^re; and 
orgy transfer of said 
^e to a control 



wherein a difference in resonance energy transfer of said 
treated substrate as compared to said control substrate 
is indicative of clostridial to^in prVtease activity. 



69. The method of claim S8, wherein said 
25 clostridial toxin substrate is a Botulinum toxin 
substrate . 



70. The method of claim 691 wherein said 
botulinum toxin substrate is a BoNTl/A substrate 
comprising a BoNT/A recognition sequence. 



* 
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71. The methlod of claim 69, wherein said 
botulinum toxin subsnrate is a BoNT/B substrate 
comprising a BoNT/B recognition sequence. 

72. The method\ of claim 69, wherein said 
5 botulinum toxin substrate is a BoNT/Cl substrate 

comprising a BoNT/Cl recognition sequence. 
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73. The method ofi claim 69, wherein said 
botulinum toxin substrate Vis a BoNT/D substrate 
comprising a BoNT/D recognition sequence 

10 74. The method of claim 69, wherein said 

botulinum toxin sub^rateHsi a BoNT/E substrate 
comprising a BoNT/e recognition sequence. 

75. The method of cl^im 6^,/! wherein said 
botulinum toxin substrate is ^ BoNT?MF substrate 
15 comprising a BdiNT/F recognitioh sequence. 



76. The Method of cla>fn 69, Wherein said 
botulinum toxin sub^traie^fs a lBoNT/G\ sii£>strate 
comprising a BoNT/G recognition sequence, 



77. The method of claiml 68, wherein said 
20 clostridial toxin substrate is a TeNT toxin substrate 



comprising a TeNT recognition se 

78. The method of claim 
is a crude cell lysate. 



juence 



58, wherein said sample 



79. The method of claim 
25 said sample is isolated clostri 



68 or 70 to 77, wherein 
dial toxin. 
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80. The met/hod of claim 68 or 70 to 77, wherein 
said sample is isolated clostridial toxin light chain. 

81. The method \of claim 68, wherein said sample 
is a formulated clostridial toxin product. 

5 82. The method \of claim 68, wherein said sample 

is BOTOX 0 . 
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83. The method o£ claim 68, step (c) comprising 
detecting donor fluorescehce intensity of said treated 



substrate, 

wherein increased 
said treated substrate as 
substrate is indicate 
activity . 
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The 



Jonor fluorescence intensity of 
compared to said control 
Iclostridial toxin protease 



step (c) comprising 



method of claim 6> 
detecting acceptjbr fluorescence intensity of said treated 
substrate, 

wherein decreased acc^ptoj 



of said treated 
substrate is indi 
activity . 



fluorescence intensity 
ubstrate as compared to said control 
tive ^o-^cldstridial toxin protease 



85. The method of claim 68, step (c) comprising 
detecting an acceptor emission! maximum and a donor 
fluorophore emission maximum on said treated substrate, 

wherein a shift in emission maxima from near said 
acceptor emission maximum to near said donor fluorophore 
emission maximum is indicative q»f clostridial toxin 
protease activity . 
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86. The method of claim 68, step (c) comprising 
detecting the ratio of fluorescence amplitudes near an 
acceptor emission maximum to the fluorescence amplitudes 
near a donor fluorophore emission maximum, 

wherein a decreased ratio in said treated sample 
as compared to the control sample is indicative of 
clostridial toxin proteaste activity, 
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87. The method of \claim 68, step (c) comprising 
detecting the excited state lifetime of the donor 
10 fluorophore in said treated substrate, 

wherein an increased donor fluorophore excited 
state lifetime in said treated substrate as compared to 
said control substrat^ is irtcms^tive of clostridial toxin 
protease activity . 



15 88. The me 

repeating step (c) 



:hod of c^aim 68, ffuVther comprising 
at one or more latjfer \ime intervals. 



89. The metihod of claim 68 ,/ inhere i\i at least 90' 
of said clostridial Yoxin substrate iJs cleaVed. 



90. The method of claim 68, wherein at most 25% 
20 of said clostridial toxin substrate is cleaved. 



91. The method of cla 
of said clostridial toxin sub 

92. The method of cla 
said clostridial toxin substr 



im 90, wherein at most 15% 
trate is cleaved. 

im 91, wherein at most 5% of 
te is cleaved. 
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93. The method of claim 68, wherein the 
conditions suitable for clostridial toxin protease 
activity are selected such that the assay is linear, 



5 94 . T 

is an accept 

95. T 
is non- fluorescent . 




claim 68, wherein said acceptor 



claim 68, wherein said acceptor 
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